Introduction and hypothesis Previous studies report higher prevalence of depression among women with urgency (UUI) or mixed (MUI) urinary incontinence than those with stress UI (SUI). UUI is the dominant type among black women, whereas SUI is the predominant type among white women. Thus, UI-related mental health issues could be a key consideration among black women. We hypothesized that the association between UI and depression might be stronger in black versus white women. Methods These cross-sectional analyses assessed 934 black and 71,161 white women aged 58-83 in the Nurses' Health Study, which was established among women living in the USA. Depressive symptoms were assessed using the ten-item Center for Epidemiologic Studies Depression Scale (CESD-10). Multivariate adjusted odds ratios (ORs) and 95 % confidence intervals (CIs) for high depressive symptoms (CESD-10 score≥10) according to self-reported UI frequency, severity, and type were calculated using logistic regression models.
Introduction
Urinary incontinence (UI) is a common condition among older women. In several large studies of US women ≥50 years, approximately one-to two thirds of women reported UI [1, 2] . The impact of UI on quality of life (QOL) can be substantial and include embarrassment and shame, which may lead to harmful coping behaviors such as decreased participation in social and physical activities [3] . In addition, there is evidence that the prevalence of depression is higher among women with compared with those without UI [4, 5] . In particular, findings suggest that depression is more common with increasing UI severity [5] [6] [7] and more common in women with mixed (MUI) or urgency (UUI) than in women with stress (SUI) UI [5, 8] .
However, emerging data indicate that the epidemiology of UI differs between black and white women. In particular, on average, UUI appears to be the dominant type among black women, whereas SUI appears to be more common in white women [9, 10] , especially at younger ages [11] . This suggests that mental health issues accompanying UI could be a key consideration in black women given the predominance of UUI in this group. Yet, the majority of previous studies focused on the association between UI and depression in white women, and among the limited studies examining racial differences in associations between UI and mental health, results have been inconsistent [7, 12, 13] . Therefore, our objective was to examine the associations of UI frequency, severity, and type with prevalent depressive symptoms among older women enrolled in the Nurses' Health Study. In particular, we examined whether these associations differed by black versus white race. We hypothesized that the association between UI and depressive symptoms might be stronger in black versus white women.
Materials and methods

Study population
The Nurses' Health Study began in 1976, when 121,700 female nurses age 30-55 years returned a mailed questionnaire about their health and lifestyle. Since then, updated information has been collected using questionnaires mailed every 2 years. To facilitate participation, an abbreviated version of the questionnaire is sent to women who do not respond to initial mailings of the full-length questionnaire. Questions about UI and depressive symptoms were both included on the full-length questionnaire mailed in 2004 to 1,612 black and 90,687 white active participants (i.e., women who responded to at least one full-length questionnaire in the past 10 years and were alive in 2004). The Institutional Review Board of Brigham and Women's Hospital approved this study.
For these cross-sectional analyses of UI and depressive symptoms, we excluded 20,204 women who did not return the full-length questionnaire in 2004 or were missing information on UI frequency or depressive symptoms, leaving 934 black women and 71,161 white women available for analysis (Fig. 1) . Of active participants, a smaller proportion of black women (58 %) were available for analysis than white women (78 %), partly because black women were more likely than white women to complete the abbreviated version of the questionnaire in 2004 (i.e., 24 % versus 11 %, respectively), which did not include items on UI and depressive symptoms. However, among women excluded from analysis, the distribution of reasons for exclusion was similar between black and white women (Fig. 1) . Also, characteristics of black women in the analysis population and black women excluded from analysis due to missing data were identical in mean age (70 years in both groups) and median number of pregnancies (two pregnancies in both groups) and similar in mean body mass index (BMI) (29 versus 28 kg/m 2 , respectively). Characteristics of white women included in the analysis population were identical to those who were excluded in mean age (70 years in both groups), median number of pregnancies (three pregnancies in both groups), and mean BMI (27 kg/m 2 in both groups).
US measurement
To assess UI frequency, participants were asked: "During the last 12 months, how often have you leaked or lost control of your urine?" Response options were: never, less than once per month, 2-3 times per month, about once per week, and almost [14] . UI severity was defined using the index developed and validated by Sandvik et al. [15] . Specifically, UI frequency was categorized into four levels ranging from less than once a month (scored 1) to almost every day (scored 4). UI quantity was categorized into three levels: a few drops (scored 1), enough to wet the underwear (scored 2), and enough to wet outer clothing or the floor (scored 3). Scores for UI frequency and quantity were multiplied, resulting in an index with scores ranging from 1 to 12. Scores from 1 to 2 indicated slight UI, scores from 3 to 6 indicated moderate UI, and scores from 8 to 12 indicated severe or very severe UI [15] .
Black
UI type was measured by asking women: "When you lose urine, what is the usual cause?" SUI was defined as leaking usually caused by coughing, sneezing, laughing, or doing physical activity. UUI was defined as leaking usually caused by a sudden and urgent need to go to the bathroom. UI type was classified as MUI when women reported that SUI and UUI symptoms were equally common. We classified UI type among women with at least monthly UI. In analyses of UI frequency, severity, and type, the reference group was women without UI.
Depressive symptom measurement
Depressive symptoms were assessed by the ten-item version of the Center for Epidemiologic Studies Depression scale (CESD-10) [16] . There are four response categories for each item, ranging from rarely or none of the time (scored 0) to all of the time (scored 3). Women who provided data on at least nine of the ten items were included in analyses, with mean imputation used to replace missing responses. Scores for each item were summed, resulting in a scale ranging from 0 to 30. In primary analyses, we considered scores ≥10 indicative of high depressive symptoms; this definition is highly predictive of high depressive symptoms as determined by the full-length 20-item CESD scale (kappa=0.97) [16] .
Statistical analysis
Logistic regression models were used to calculate multivariate adjusted odds ratios (ORs) and their 95 % confidence intervals (CIs) for high depressive symptoms according to UI frequency (no UI, less than once/month, 1-3 times/month, once or more/week ), UI severity (no UI, slight, moderate, severe), or UI type (no UI, SUI, UUI, MUI) separately among black women and white women (three separate analyses were conducted of these three UI classification schemes). Model covariates were factors associated with depressive symptoms that were also important UI risk factors identified from the literature or factors that caused >5 % change in OR estimates for UI frequency. These two considerations resulted in a model that included age (years; continuous), BMI (kg/m 2 ; continuous), physical activity [metabolic equivalent of task (MET) hours per week; continuous), functional limitation (yes or no), and number of times getting out of bed each night to urinate (0-1 versus ≥2). In analyses of UI type, we additionally adjusted for UI severity in the multivariate logistic regression model. Functional limitation was defined as a participant's report of being limited "a lot" due to health reasons in any of the following basic activities of daily living: walking one block, climbing one flight of stairs, bathing, dressing. Covariates reflected participants' status as of the same questionnaire on which they reported UI (i.e., 2004 questionnaire). Other covariates considered, but not included in final models because they did not impact OR estimates for the association between UI frequency and depressive symptoms, were: parity, stroke, type 2 diabetes, high blood pressure, myocardial infarction, cigarette smoking, diuretic use, social network, and daytime urinary frequency. In analyses of UI prevalence and severity, tests for linear trend in ORs across categories were conducted by creating a continuous variable using the midpoint value of UI frequency or severity score in each category. To examine whether associations between UI and depressive symptoms differed between black versus white women, we used interaction terms created by multiplying the relevant UI variable by the indicator variable for black versus white.
We conducted several secondary analyses. First, as one CESD-10 item concerns restless sleep, and restless sleep may be related to UI, we repeated analyses in which high depressive symptom cases were women with scores ≥10, even without considering this item [17] . In addition, given evidence that the optimal CESD-10 scale cutpoint for clinical depression may be higher in older versus younger adults [18, 19] , we conducted additional analyses in which high depressive symptoms were defined as a CESD-10 score ≥12 rather than ≥10 [20] . Finally, to explore whether socioeconomic status variables partly explained differences in associations between UI and depressive symptoms between black versus white women, we compared interaction term-effect estimates in models before and after adjusting for socioeconomic status variables (i.e., highest attained degree, marital status, and census tract median family income). For all analyses, two-tailed p values <0.05 were considered statistically significant. Data were analyzed using SAS 9.2 (SAS Institute Inc, Cary, NC, USA).
Results
In 2004, participants were age 58-83 (mean 70) years. Mean BMI was higher in black versus white women (29 versus 27 kg/m 2 ) ( Table 1) . Black women were also slightly more likely than white women to get out of bed two or more times each night to urinate (41 % versus 33 %). However, white women reported more UI, including more severe symptoms, than black women.
Overall, although OR point estimates generally were higher in black than in white women, we found no statistically significant differences in UI frequency, severity, or type with high depressive symptoms (p values for interaction ≥0.3) ( Table 2 ). More frequent UI and greater UI severity were significantly associated with higher prevalence of high depressive symptoms in both black and in white women. For example, among black women, the OR for high depressive symptoms increased from 1.58 (95 % CI 0.97-2.58) in women with UI less than once per month, to 2.29 (95 % CI 1.30-4.01) in women with UI at least once per week, compared with women without UI (P trend across categories=0.02). Among white women, the corresponding OR ranged from 1.18 (95 % CI 1.11-1.25) to 1.58 (95 % CI 1.49-1.68) (P trend<0.01). In analyses of UI type, OR for high depressive symptoms were similar among women with SUI and UUI compared with women without UI and highest among women with MUI among both black and white women (OR 2.04, 95 % CI 0.76-5.50 among black women and 1.43, 95 % CI 1.30-1.57 among white women). CI for UI frequency, severity, and type OR in black women were wide, reflecting the small number of black women with high depressive symptoms.
We conducted several secondary analyses to determine the robustness of results to different definitions of high depressive symptoms, including CESD-10 score ≥10, without considering the item on restless sleep and CESD-10 score ≥12. Results of these analyses were similar to those in the primary analyses. For example, when high depressive symptoms were defined as a score ≥10 without considering restless sleep, ORs in black women were 2. We also conducted secondary analyses to examine the influence of adjusting for socioeconomic status variables (highest attained degree, marital status, and census-tract median family income) on the effect estimates for the black race by UI interaction terms. Overall, additional adjustment for socioeconomic status minimally changed results. For example, the OR for the black race by MUI interaction was 1.30 (95 % CI 0.72-2.34) and 1.31 (0.73-2.36) before and after adjusting for socioeconomic status, respectively.
Discussion
Overall, we found that UI was associated with more depressive symptoms in both black and white women. Although stronger point estimates of these associations were observed in black versus white women due to small numbers of black women with high depressive symptoms, precision of OR estimates in black women was limited and associations were not statistically significantly different between black versus white women. Thus, findings should be interpreted with caution. Nonetheless, these results merit further attention and investigation.
Several potential explanations may account for a link between UI and depression [21] . It is possible that women with UI, and particularly those with severe symptoms, are embarrassed by their condition and that lifestyle changes due to UI (e.g., avoiding social activities) may adversely impact mental health [3] . The association may also be bidirectional; [21] [22] [23] [24] . In addition, increased sympathetic nervous system activity associated with depression may increase circulating levels of cortisol and catecholamines and, consequently, lead to physiologic changes in the bladder and in UI [21, 25] . Future research to improve the understanding of mechanisms linking UI and depression will be important to help identify potential intervention strategies to reduce depression in UI and/or UI in depression.
Our results regarding the association of UI frequency and severity with depressive symptoms in white women are similar to those reported in previous studies. For example, among 5,321 Norwegian women aged 40-44 years in the Hordaland Health Study, the multivariate adjusted OR for depression comparing women with severe versus no UI was 2.14 (95 % CI 1.08-4.22) [5] . In addition, among 5,701 women (72 % white) age 50-69 years in the Health and Retirement Study, the OR for depression, as determined by the eight-item CES-D scale, was 1.33 (95 % CI 0.91-1.94) comparing women with UI >15 days in the last month with women without UI [4] .
Previous studies, conducted mainly among white women, also reported greater risk of depression in mixed versus SUI [5, 8] . For example, among 218 women with UI aged 18-90 years, the odds of major depression were 13.5 fold (95 % CI 3.0-61.5) higher in women with MUI compared with SUI [8] . In addition, in the Hordaland Health Study, OR for depression was highest when comparing women with MUI versus no UI (OR 2.24, 95 % CI 1.65-3.03) and lowest when comparing SUI versus no UI (OR 1.27, 95 % CI 0.95-1.69) [5] .
Few studies have examined potential differences in the association between UI, UI type, and depression by race. Among the limited existing studies, results are inconsistent [7, 12, 13] . For example, two population-based studies [12, 13] that included women aged ≥30 years observed 3.8-to 5.6-fold higher odds of depression in black adults with versus those without UI, and no association between UI and depression in white adults, although CIs for ORs in both blacks and whites were somewhat wide. However, an analysis in the Reproductive Risks of Incontinence Study at Kaiser, a cohort of 2,109 women aged 40-69 years and were members of an integrated health care delivery system in northern California, USA, found no clear difference between black versus white women in the association of UI frequency with mental health score [7] . However, results from studies examining racial differences in UI bother may provide support for differences in UI mental health associations by race. For example, among women in the Establishing the Prevalence of Incontinence study, a population-based study of black as well as white women aged 35-64 years in Michigan, USA, black women had significantly higher bother scores for moderate UI, and tended to be bothered more by UUI and MUI (p=0.06 for both comparisons),than were white women [26] . Several potential explanations for a difference in UI mental health associations by race, which is not a biologically meaningful construct, can be hypothesized. For example, it has been suggested that differences in UI epidemiology between black versus white women (e.g., lower overall UI prevalence and higher likelihood of UUI in black versus white women [9, 10] ) possibly reflect differences in UI pathophysiology, which may relate to varying mental health impact of UI [12] . It is also possible that unmeasured sociocultural differences mediate racial/ethnic differences in mental health impact of UI observed in previous studies. A stronger association between UI and mental health in black versus white women would suggest that inquiring about depressive symptoms among women with UI may be particularly important in black women. In our study, although there was a suggestion that greater UI frequency and severity were related more strongly to UI in black versus white women and that the association between UI subtypes and prevalent depressive symptoms was stronger in black versus white women, we found no statistically significant differences in associations between racial groups.
Our study has several limitations. First, as UI symptoms were self-reported, it is possible that we over-or underestimated its prevalence. However, the validity of self-reported UI compared with clinical diagnosis has been established in previous research [27] . Also, evidence from previous validation studies suggests that UI type is reported with high specificity, but moderate sensitivity [28] . Another limitation of our study was that black women were more likely to be excluded from analyses than white women, partly because black women were more likely to complete the abbreviated questionnaire, which did not include items on UI and depressive symptoms. However, demographic characteristics of black women excluded from analyses were almost identical to those included in analyses. In addition, selective nonresponse, resulting in qualitatively stronger OR point estimates in black women, seems unlikely. For example, OR overestimation in black women could have occurred if response to the full-length questionnaire was lower in black women with depressive symptoms and without UI than in black women with both depressive symptoms and UI. However, higher nonresponse in women with than without UI seems more likely, which would result in attenuation of OR estimates. Bias due to underreporting of stigmatizing conditions (i.e., UI and depressive symptoms) could explain the results if underreporting were more likely in white women than black women. However, we expect that the possibility of such bias is minimized among nurses who have similar health education and health knowledge. Nonetheless, lower response to the full-length questionnaire contributed to the relatively small number of black women included in the analyses, resulting in limited precision of OR estimates and limited statistical power to detect a significant interaction between race and UI. In addition, small numbers of black women with incident UI or incident depressive symptoms meant that we could not conduct prospective analyses and thus could not examine temporal relations between UI and depressive symptoms (i.e., we could not distinguish UI as a risk factor for depression versus depression as a risk factor for UI). Regardless, given the limited data on UI and depression in black women, who differ from white women in UI prevalence and distribution of UI types, these data are an important addition to the meager literature. Finally, although we considered a wide variety of variables for adjustment in the multivariable models, uncontrolled confounding cannot be ruled out as a potential explanation for the results in an observational study. For example, we had no data available on uterine fibroids, which are more common in black than in white women [29] and have been associated with both lower urinary tract symptoms and mental health [30] . A stronger association between uterine fibroids and UI or uterine fibroids and depression in black versus white women might partly explain the higher OR point estimates for the association between UI and depression we observed in black women. Other studies with data on UI, depression, and uterine fibroids are necessary to understand the interrelationships of these variables in black versus white women.
In conclusion, we found several similarities in the association between UI and depressive symptoms in black versus white women. In particular, the prevalence of depressive symptoms increased with increasing UI frequency and severity and were most common in MUI. Whereas our results also suggest that the magnitude of the association between UI and depressive symptoms might be greater in black compared with white women, differences in associations between black versus white women were not statistically significant. Larger, prospective studies are needed to better understand potential racial differences in mental health impact of UI and determine whether measures instituted to screen for depression among women with UI may be especially important in black women.
